A LTHOUGH CARDIOVASCULAR DISease (CVD) does not manifest until adulthood, CVD risk factors, such as elevated blood pressure, excess weight, and abnormalities in plasma lipoprotein levels, are present in childhood 1 and persist into adulthood.
aged children ranging from 5 to 18 years of age. These studies suggest that African American and Mexican American children have higher levels of body mass index (BMI [weight in kilograms divided by the square of height in meters]), physical inactivity, lipoproteins, insulin, glucose, and blood pressure than white children, and that these differences may occur as early as middle childhood. 1, [14] [15] [16] [17] [18] [19] [20] [21] [22] While these studies have made substantial contributions, most are limited by restricted geographic regions of study, limited power from small sample sizes, and nongeneralizable samples. Furthermore, few have controlled for potential confounding from socioeconomic status (SES), a powerful predictor of CVD. 23, 24 Although there is some evidence that childhood SES can affect CVD in adulthood, 25 to our knowledge, there are no national studies of children that have evaluated the impact of both ethnicity and SES on multiple CVD risk factors. However, several recent national studies of adults have found that ethnic differences in CVD risk factors remained after accounting for individual as well as family-level indicators of SES. 9, 26 While adjusting for SES does not fully account for all of the attributes of socioeconomic position, these studies suggest that biological, behavioral, cultural, medical, and societal factors may contribute to ethnic variations in CVD risk factors independently of SES.
In this article we used data from a large national probability sample of black, Mexican American, and white (nonHispanic) children and young adults. We examined ethnic differences in CVD risk factors, the ages at which ethnic differences were first apparent, and whether ethnic differences remained after accounting for 2 different measures of SES.
METHODS
The Third National Health and Nutrition Examination Survey (NHANES III), conducted by the National Center for Health Statistics, was designed to assess the health and nutritional status of the US noninstitutionalized civilian population. 27 It oversampled black and Mexican American populations and included a total sample of 33 994 persons, aged 2 months and older. 28 The survey was conducted at 89 locations in two 3-year phases: phase I, 1988 to 1991, and phase II, 1991 to 1994. The survey used a stratified, multistage probability cluster sampling, similar to that used by previous NHANE surveys. Weights indicating the probability of being sampled were assigned to each respondent, enabling results to represent the entire US population.
The NHANES III staff conducted surveys in households, administering questionnaires to families, adults, and children. The survey included demographic, SES, dietary, and health history questions. All survey instruments were available in both English and Spanish. Following the survey, standardized medical examinations were conducted by physicians and health technicians in NHANES III mobile examination centers.
Our analysis sample includes 7686 black, Mexican American, and white children and young adults, 6 to 24 years of age. We excluded younger children because of substantial missing data. We also excluded data for young women who were pregnant (n = 164) and individuals who were not from black, Mexican American, or white ethnic groups (n = 385), whose surveys were coded as unreliable (n = 6) or who completed the home but not the medical examination (n = 485). The 485 individuals who completed only the home questionnaire were similar to the 7686 individuals who completed both the home questionnaire and medical examination for most sociodemographic characteristics, including age (14.9 vs 14.0 mean years, respectively), education of the head of the household (11.6 vs 10.9 mean years, respectively), and country of birth (88% vs 87% born in the United States, respectively).
Measures
Age was calculated in years from the subject's reported birthdate. Race or ethnicity was based on asking respondents to identify themselves as follows: black; Mexican or Mexican American; white, non-Hispanic; Asian or Pacific Islander; Aleut, Eskimo, or American Indian; or other Latin American or other Spanish. Respondents who chose 1 of the first 3 categories are included in our analyses. The NHANES III collected data on several indicators of SES. We used educational attainment of the head of the household as our primary indicator of SES because, unlike income and occupation, education had little missing data, is available regardless of employment outside the home, and is unlikely to be influenced by CVD-related morbidity. 29 We used poverty-income ratio as our secondary indicator of SES. The povertyincome ratio is the ratio of 2 components: the numerator is the family income and the denominator is an assessment of the income level that is minimally adequate for a family of that size for that calendar year. Education of the head of the household and poverty-income ratio were moderately correlated (r = 0.42, PϽ.001), a finding consistent with previous research.
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Indicators of CVD Risk
Indicators of CVD risk were as follows:
• Body mass index, a preferred measure of body fatness for children and adolescents. 30 • Percentage of energy from dietary fat, estimated on the basis of a single 24-hour dietary recall, administered by a trained dietary interviewer with a proxy, if necessary, for children 6 to 11 years of age.
• Current cigarette smoking status, defined as smoking at least 100 cigarettes during one's lifetime and currently smoking cigarettes, based on self-report and not assessed for children younger than 8 years of age. Serum cotinine levels (Ͼ74 nmol/L [Ͼ13 ng/mL]), 31 available for phase I participants, were used to validate smoking status.
• Systolic blood pressure, measured in millimeters of mercury. The mean of the second and third of 3 readings, measured on the right arm using a mercury sphygmomanometer while the participant was seated during the medical examination, is reported. Diastolic blood pressure is not reported because of substantially more missing data (12% missing diastolic vs 4% missing systolic).
• Glycosylated hemoglobin (HbA 1c ), a percentage of total hemoglobin, analyzed from whole blood in 1 laboratory (DIAMAT HPLC/Bio-Rad Laboratories, Columbia, Mo) 27 and used as a marker for the blood glucose concentration during the previous 2 to 3 months. 32 Glycosylated hemoglobin, the only indicator of diabetic status available for children in NHANES III, has been related to atherosclerosis in youth and may indicate a preclinical stage of diabetes.
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• Non-high-density lipoprotein cholesterol (non-HDL-C), measured in millimoles per liter and calculated as the difference between total cholesterol and HDL cholesterol. 34 Measurements were taken from serum specimens and analyzed by standardized protocols. Nonhigh-density lipoprotein cholesterol, which may be a better indicator of atherogenic lipoprotein particles than indirectly estimated low-density lipoprotein cholesterol, 34 does not require fasting *Projected estimates based on weighted percentages from NHANES III for defined sample. †Number who participated in both the home questionnaire and physical examination, unweighted. ‡Means and percentages were calculated with normalized sample weights. §Calculated from family income and family size. The cutpoint for poverty level is based on annual tables from the US Bureau of the Census. blood samples, and therefore was available for the entire NHANES III sample. Total cholesterol is reported as a secondary measure.
Missing data ranged from 1% to 5% for BMI, percentage of energy from fat, smoking, and blood pressure, to 10% to 12% for glycosylated hemoglobin and non-HDL-C levels.
Data Analysis
The data were analyzed using SUDAAN, version 7.11 (Research Triangle Institute, Research Triangle Park, NC), a software program that adjusts for the complex NHANES III sample design. All analyses incorporated sampling weights that adjusted for unequal sampling probabilities. SUDAAN was used to calculate weighted means, percentages, and SEs; SAS, version 6.12 (SAS Institute Inc, Cary, NC) was used to calculate weighted SDs.
We used multiple linear regression models for continuous outcomes and logistic regression models for binary outcomes. The dependent variables in our models were the 6 CVD risk factors described above. The independent variables were age (in years, centered at the sample mean to aid in the interpretation of the regression coefficients); ethnicity (black and Mexican American youth compared separately with white youth; each comparison used white youth as the reference group); and years of education of the head of the household (continuous and centered at 12 years). We included all first-order interactions between independent variables (age and ethnicity, age and education, ethnicity and education). All P values are 2-tailed.
In 2 ancillary analyses, we used the poverty-income ratio rather than educational attainment, and total cholesterol level rather than non-HDL-C level in the linear models to examine whether these measures would produce similar findings.
RESULTS
There were 2769 black, 2854 Mexican American, and 2063 white children and young adults for whom data were complete for the home questionnaire and the medical examination (TABLE 1) . There were substantial numbers in groups at the extremes of educational attainment that are commonly underrepresented in studies of ethnic differences in CVD. For example, there were large numbers of white youths from homes with lower levels of education (n = 212 from homes with Յ9 years of education; n = 257 from homes with 10-11 years of education) and Mexican American youths from homes with higher levels of education (n = 401 from homes with Ն13 years of education). White youths were the least likely to live in urban areas, were from homes having the highest levels of education, and were the least likely to live in poverty. More than 40% of black and Mexican American youths lived below the poverty level.
TABLE 2 presents the multivariate results for the 6 CVD risk factors. The coefficients are presented for the blackwhite comparisons, the Mexican American-white comparisons, for SES, and for age. All interactions with ethnicity that were statistically significant at PϽ.01 are also presented. After accounting for SES and age, BMI levels were sig- nificantly higher for black and Mexican American girls than for white girls, blood pressure levels were higher for black girls than white girls, glycosylated hemoglobin levels were higher for black and Mexican American girls and boys than for white girls and boys, and percentage of energy from fat was higher for black and Mexican American girls and black boys than for white girls and boys. In contrast, smoking prevalence was significantly higher for white girls and boys. Socioeconomic status was a significant predictor of BMI and smoking among girls, and smoking and glycosylated hemoglobin levels among boys, but was not a significant predictor of the other CVD risk factors after accounting for ethnicity. Each risk factor increased with age, with the exception of percentage of energy from fat and, among girls only, glycosylated hemoglobin and non-HDL-C levels. Results did not change significantly when poverty-income ratio was substituted for educational attainment and when total cholesterol was substituted for non-HDL-C in the linear models. There were several significant interactions noted in the linear models (discussed below). TABLE 3 and TABLE 4 present the means and SDs, or percentages, for girls and boys by age group to illustrate when ethnic differences were first apparent. The NHANES III data for women and men 25 to 34 years old are presented for comparison. The BMI levels were higher for both black and Mexican American girls than for white girls by 6 to 9 years of age. These ethnic differences increased from an average of approximately 0.5 BMI units among 6-to 9-yearolds to more than 2 BMI units among 18- A similar early onset of ethnic differences in percentage of energy from fat and glycosylated hemoglobin level was seen for black and Mexican American girls. For systolic blood pressure, black girls, but not Mexican American girls, had higher values than white girls by 6 to 9 years of age and in every age group thereafter.
Among black and Mexican American boys, glycosylated hemoglobin levels were higher than among white boys by 6 to 9 years of age and in every age group thereafter. A similar pattern was seen for percentages of energy from fat for black boys by 10 to 13 years of age.
Ethnic differences in cigarette smoking were evident by 10 to 13 years of age for both girls and boys. White girls and boys showed a sharp increase at 14 to 17 years of age, which more than doubled for girls and more than tripled for boys at 18 to 24 years of age. Smoking rates of Mexican American boys kept pace with white boys through 14 to 17 years of age and doubled at 18 to 24 years of age. There was also a dramatic age-related increase in smoking rates among black boys and black and Mexican American girls when they reached 18 to 24 years of age, narrowing the gap with whites.
In general, the ethnic differences in BMI, percentage of energy from fat, blood pressure, and glycosylated hemoglobin level were also apparent in adults, 25 to 34 years of age. Smoking rates in adults remained low for Mexican American women and increased for black men. These comparisons between age groups offer insight into the progression of ethnic differences in CVD risk factors into adulthood. However, the data are based on cross-sectional surveys; thus, when the youth from younger age groups grow older, they may not show the same risk factor levels that were observed for youth from the older age groups in this sample.
The significant interactions noted in the linear models (Table 2) can be seen in Tables 3 and 4 and the FIGURE. For BMI, black girls and boys had steeper increases in BMI levels than white girls and boys across age groups, resulting in greater ethnic differences in the older age groups than the younger age groups (significant interaction between black ethnicity and age). For smoking, ethnic differences were larger at the lower levels of education than at the higher levels. As shown in the Figure, white youths, 18 to 24 years old, from families with lower educational attainment reported substantially higher smoking rates than black and Mexican American youths from families with similar educational attainment (77% of young white men and 61% of young white women were current smokers compared with 35% of minority youth). With increasing education, smoking rates decreased sharply and were similar across ethnic groups.
COMMENT
These findings are among the first to show higher levels of BMI, energy from dietary fat, blood pressure, and glycosylated hemoglobin, and lower rates of smoking for black and Mexican American youths than white youths of comparable SES and age from a national sample. The findings are especially important because they add insight into the course of development of ethnic differences in CVD risk factors from childhood to young adulthood. Because the cardiovascular health of adults is determined, in part, by personal behaviors and societal influences present during childhood and young adulthood, 9, 25, 35 it is important to learn when ethnic differences in CVD risk factors are first apparent so that preventive interventions can be initiated before unhealthy lifestyles are established.
Our findings are consistent with a number of studies comparing black and white youth, or Mexican American and white youth, on BMI, 14, 17, 22, 36 dietary intake, 15, 20 blood pressure, 17, 36 smoking, 37 and markers for diabetes. 16, 18, 36 Other studies have not always found the same significant ethnic differences in CVD risk factors; for example, our findings contrast with some studies for BMI, blood pressure, smoking, and lipoprotein levels. 1, 17, 38, 39 However, our findings are the first from a nationally representative sample of children and young adults, spanning the entire age range from 6 to 24 years. Some of the differences may be explained by selection bias in previous studies, not accounting for SES, or ethnic groups that do not overlap sufficiently in SES distributions to permit valid adjustment for SES.
Strengths and Limitations
NHANES III is the most comprehensive national survey with data on CVD risk factors for children and young adults in the United States. The survey includes an oversampling of black and Mexican American children, the 2 largest groups of ethnic minority children. Because NHANES I and II did not include large numbers of Mexican American children and the Hispanic HANES did not include white children, this is the first NHANE survey to allow a direct comparison of Mexican American and white children. It also includes large numbers of children in each ethnic group from households at both the upper and lower levels of educational attainment. Extensive data are available from the home survey and medical examination, including standardized measures of blood pressure, lipids, and glycosylated hemoglobin, and several measures of SES.
Despite these strengths, our results should be interpreted with caution because of several design and measurement limitations. First, the crosssectional design of NHANES III limits our ability to draw inferences about developmental or causal pathways and highlights the need for longitudinal studies to provide more definitive answers to results from cross-sectional studies. Second, our measures of SES may exhibit a certain degree of residual confounding with ethnicity, even after adjustment for educational attainment or poverty level. It is well-known that the same level of SES does not confer the same economic and social benefit to ethnic minority youth as to white youth. [40] [41] [42] In a previ-ous NHANES III analysis, we found that equal levels of education did not translate into equal levels of income; for example, black and Mexican American women with a high school diploma were 2 to 3 times more likely than white women of the same educational level to live in poverty. 9 Third, there is the potential for bias from self-reported questions such as those on smoking and dietary fat. We validated self-reported smoking by examining a biochemical measure, serum cotinine. Among participants who reported being nonsmokers, 5.1%, 2.5%, and 4.7% of black, Mexican American, and white youths, and 3.7%, 4.5%, and 3.4% of youths from homes where the educational level was less than 12, 12, and more than 12 years, respectively, had positive cotinine values, indicating low levels of underreporting of smoking. Although selfreported measures of dietary intake are problematic, the 24-hour dietary recall is considered an appropriate measure for assessing average population-based dietary data. 43 Finally, the NHANES III data lack consistent physical activity questions for youth. There were 2 questions about exercising that were asked of youth 8 to 16 years old; neither of these 2 questions were asked of older youth, who instead were asked about leisure time activity. As a result, we did not include physical activity in our analysis.
Implications
Our findings suggest potential critical periods during childhood when preventive interventions may be most effective. Interventions to reduce ethnic differences in excess weight should start in early childhood and continue through adulthood, with particular attention to black and Mexican American girls. 1, 44 Special attention should be devoted to interventions to reduce fat intake 20, 45 and increase physical activity. 46 The large ethnic differences in BMI at early ages are especially important because excess weight in children is a risk factor for coronary heart disease morbidity and mortality 47, 48 and may precipitate early onset of other CVD risk factors, including elevated blood pressure, adverse lipid levels, and type 2 diabetes. 35, 49 Interventions to prevent type 2 diabetes should also focus on black and Mexican American girls and boys, as glycosylated hemoglobin levels were already greater than those of white girls and boys by 6 to 9 years of age.
The high rates of smoking among white youth from families with lower educational levels are alarming (ie, 61% of young women and 77% of young men aged 18 to 24 years from these homes smoked). This group is often overlooked because data for white youth are usually presented aggregated across levels of SES, thus masking the greatly elevated rates among lower SES youth. The lower smoking rates among black and Mexican American youth should not promote complacency since new evidence shows dramatic increases in their smoking rates. 50 Our finding that lower SES youth from each ethnic group have higher smoking rates than their higher SES counterparts highlights the need to understand individual and societal factors that influence lower SES youth to start and continue to smoke.
Our results suggest that preventive interventions for many CVD risk factors need to start early in childhood and continue throughout adolescence and into adulthood. The ethnic differences we found in risk factors, including BMI, energy from dietary fat, cigarette smoking, systolic blood pressure, and glycosylated hemoglobin, evident as early as 6 to 9 years of age, reinforce the need for early interventions. 37 The focus of attention in youth should be on promoting population-wide, heart-healthy behaviors in both children and their parents through programs at the family, school, community, and public policy levels. Given the increasing diversity of Americans, it is critical to tailor programs to the culture of youths, their groupspecific attitudes, perceptions, expectations, norms, and values, and to appropriate languages and literacy levels. Finally, it is essential that preventive interventions be placed in a social context because of the countervailing societal forces that affect heart-healthy lifestyles.
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